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RESEARCH MEhKEUNDUM

FREE-FLIGET MEASUREMENTS OF SOME EFFECTS OF AILERON SPAN,

CHORD, AND DEFLECTION AND OF WING FLEXIBILITY ON THE

ROLLING EFFECTIXENESS OF AILERONS ON SWEPTBACK

WINGS AT MACH NUMBERS BETWEEN 0.8 AND 1.6

By Eugene D. Schult, H. Kurt Strass, and E. M. Fields

SUMMARY —

As part of the NACA transonic research program, a free-flight inves-
tigation has been made by the Pilotless Aircraft Research Division to%
determine some effects of aileron span snd deflection on the rolling effec-
tiveness of plain, sealed, 15-percent- and 30Jpercent-chord flap-type

4 ailerons through the Mach number range of 0.8 to 1.6. The wings had —
quarter-chord lines swept back 350 and 45°, aspect ratios of 4.0, taper
ratios of 0.6, and NACA 65AO06 airfoil sections parallel to the free

:

stresm. Wings of different degrees of torsional flexibility were tested
sad the results extended to estimate the rigid-wing rolling effectiveness
of all aileron configurations tested.

The results of this investigation indicate that the msximum unit-
aileron rolling effectiveness for a 45° sweptback wing occurs at approxi-
mately the mid-e~osed-semispsn station. The 15-percent-chord ftil-span
ailerons were approximately two-thirds as effective in rolling power as
the 30-percent-chord ailerons on 45° sweptback wings over the Mach number
range tested. The advsntage in rolling effectiveness gained by using

.-
—

the larger aileron-chord ratio becsme insignificant for 0.4$- sPan out- .-

board ailerons at supersonic speeds and for 0.21~- span outboard ailerons

throughout the Mach number range. These results indicate that for a
given outboard aileron there exists an optimum aileron-chord ratio which
decreases tith decreasing aileron spsn. The variation of rolling effec-
tiveness with control deflection for the 35° sweptback wings was essen-
tially linear over the range of deflections and Mach numbers tested;
increasing the wing sweepback to 45° resulted in a slightly decreasing
rate of change of rolling effectiveness with increasing deflections at

.-—
F“

supersonic speeds. Increasing the angle of wing sweepback from 35° to
* .=.p~

90w/ \
b .-$
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45° also resulted in higher rolling-effective~ ss values at transonic _ .:. $j~
~speeds and removed the abrupt changes in the variation .of pb/2V with
Mach number observed near Mach number 1.0 for”the 35° s~ptback

.=

configurations.
>..--. .-.9.-

INT!RODUCTION .—
-.

As part of the NACA transonic research p~grsm, the Langley Pilotless
Aircraft Research Division has conducted experimental investigations to
determine the rolling effestiveness of 1plain, ‘true-contour, flap-type
ailerons on thin, tapered, sweptback wings over w eareme Mach number _.
range of approximately 0.7 to 1.8. These data were obtained with rocket-
propelled test vehicles in free flight by mea?isof the technique described
in reference 1. Results were obtained on wir@ having the quarter-chord.

lines swept back 35° and 45°, aspect ratios ”&4.0, taper ratios of “0~~,” ““
and NACA 65AO06””airfoil sections parallel to the free stream. Some effects
of aileron spm and-location on rolling effectiveness were determined
for 30-percent-chordailerons on both,35° gnd 45° sweptback wings snd
for 15-percent-chord ailerons on the 45° swep:back wings. Included in
the data for the configurations with 30-percent-chord ailerons are some
experimental aeroelastic effects of wing torsional flexibility on rolling
effectiveness; these data were used to estimate the rigid-wing rolling
effectiveness of,all aileron configurations. ~

-

-..9

—

.$-..
—

~is paper also presents rol&ln.g-effectivenessdata calculated from .. ... .-”.”.
results of tests made on similar wing-aileron configurations in the .-

Langley high-speed 7- by 10-foot tunnel and reported in references 2
and 3.

:.i. .. —

.—=

SYMBOLS
.-—,—

—

A

b

s

c

Cav

()baaspect ratio —= 4.0s —
----

dismeter of circle swept by wfng tips, 3.0 feet
—...-=
:-==.. *

srea of two wings measured.to..modelcenter line, —

2.25 square feet -- -,, — .=
--

loc~ chord, feet
. --*-—

average exposed wing chord p+l.lel to .~del center line,
.—

0.72 foOt
. = -P=-.

— ,_... _ .—

-=aw4!i “’ .-—.
—-y- . ~ ‘- .

—
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C*

Cr

M

P

P

!l

v

R

pb/2V
*

8’

d

a,

k

Y

A

At/4

T

@’

3

wing chord at tip, parsllel to model center line,
0.56 foot ‘

wing chord at, and parsllel to, nmdel center line,
0.94 foot

Mach number

static pressure, pounds per square foot .;.-..

rolling velocity, positive if model is rolling clockwise
when viewed from rear, radians per second

dynsmic pressure, pounds per square foot ,..

flight-path velocity, feet per second

Reynolds number of tests, based

wing-tip helix sngle, radians

on Cav

deflection of one aileron measured in a pl~e normal to
wing-chord plane and perpendic~ to hinge line (posi-
tive down when wing is on left), aversge for three wings,
degrees —

angle of attack of wings with respect to free stream,
degrees

average incidence per wing for three wings measured in
a plane normsl to wing-chord plane snd parsllel @ f~e-.
stream, positive if tending to produce clockwise roll
when viewed from rear, degrees

spsnwise ordinate, measured from end normal to model
center line, feet

taper ratio
(2= “*6)

angle of sweepback of quarter-chord line, degrees

derived constant for wing snd aileron (see references 4
and 5)

fraction of rigid-wing rolling
flexible wing

effectiveness retained by
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concentrated couple, a@ied qear wing tip in a plane
parallel to free stream snd normal to wing-chord plane,
foot-pounds —

—

e angle of twist produced by m at any section along wi~
span in a plane parallel to-:freestream and normal to
wing-chord plane, radisns : .-

z-
.—-.

—. --

r reference aileron station (mid-aileron)parallel to free
streem, measured nom”sL to model center line from
fuselage, inches ,- -—, .—

.

(e/m)r
,,..

wing torsional-flexibilityp~<ameter measured at mid- ‘ “
aileron in a plane ptisd.lelto free s~.reamand no-l __
to wing-chord plane, radians per foot-pound

‘a/po ratio of static pressure at test altitude to standard
static pressure at sea level

cl (Rollingrolling-moment.coefficient for two wings
)

moment
qSb -

/Cm 5

m effective section ttisting-mo~ent par~e”ter for constant-
lift (see reference 4), per””radlan ,-

-.
. .

()&]
Cz=.
P b(pb/2V) ~-0

—-

Subscripts: —. —

a altitude, or aileron when used’in conjuri-ctionwith chord’””

o sea level, or outboard when used .inconjunction with
.- _— .-

aileron span
---

.- -. .— =

i Inboard when used in conjunction with aileron sp”an

)3 rigid

F flexible

—
.-

.

.
I

.. -,.- ..==
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lKIDELSAND TECHNIQUE

Typical test vehicles of the type used ‘inthe present investigation
sre illustrated in the photographs presented as figure 1. The test wings

had quarter-chord lines swept back 35° and 45°, respectively, aspect
ratios of 4.o, taper ratios of 0.6, and NACA 65Ao06 airfoil sections
parallel to the free stream. A complete description of the test vehicles
is given in table I and figure 2. Various control deflections were tested
for the 30-percent-chord outboard ailerons of 0.86b/2 span and 0.43b/2 span

on both 35° and 45° sweptback wing configurations. All other aileron

configurations were preset at an angle of approximately 5°. Four wing- ‘“
aileron combinations having 30-percent-chord ailerons snd tings with
different degrees of torsional flexibility were tested-to determine some
aeroelastic effects of wing twist on rolling effectiveness. These four

, combinations included 35° sweptback tings having 0.4$- sp~”out~ard - “.:.

ailerons, and 45° sweptback wings having 0.4$- span and 0.8~- span out- ---

.* board and 0.4~- span inbosrd ailerons, Measured values of the wing

torsional-flexibilityparameter e/m, plotted as a function of distance

d from fuselage, are shown in fi~re 3.

!llheflight tests were made at the Pilotless Aircrs$t Research Station.
at Wsl.lopsIsland, Va. The test vehicles were propelled by a two-stage
rocket propulsion system to a Mach number of about 1.6. During a period
of approximately 10 Seconds of coasting flight following rocket-motor
burnout, time-history measurements were made of the flight-path velocity

—.

with CW Doppler radar and of rolling velocity with specisl spinsonde rsdio
equipment. These data in conjunction with atmospheric data obtained with .
radiosondes permit the evaluation of the wing-aileron rolling effectiveness
in terms of the parameter pb/2V as a function of Mach number. Refer-
ence 1 gives a more complete description of the flight-testing technique.

The
over the

Reynolds nwber varied
Mach number range (see

from approximately 2 X 106 to 8 X 106
fig. 4).

ACCURACY

From previous experience
uncertainties are believed to

a

and mathematical anslysis, the experimental
be within the following limits:
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Subsonic Supersonic

M . . . . . . . . . . . . . . . . . . . . . ..* O.OIO”- *O.OC)5
(pb/2V)F . . . . .. . . . . . ... . . . . . ... *0.005;. *0.0C)3

(pb/2V)R . . . . . . . . . . . . . . . . ..-. *o.007 *0.005

The sensitivity of the experimental tectiique is such, however, tk’t
smell irregularities in the variation of pb/2V with Mach number (of.
about hslf tl.emagnitude shown in the table) msy be detected. The msxim-&
uncertain ies
respectively.

in the determination of iw and” b are k0.05° “&d *O.lO”~

CORRECTIONS

Aeroelasticity

Rigid-wing rolling-effectivenessvalues w&re estimated from flexible-
wing da=a by tie metho~ of reference 4, using the relations from refer-
ence 4: —

(1) ‘ “

-> ---
and reference 6:

‘(2j “-
—

where (1 -!?}O is the fraction of rigid-wing rolling effectiveness 10S5.

c# “:
by the flexible wing at sea level, — is the sectionntwisting-nxxuent“::

c@ :
parameter for constant lift, 7; ‘isan aeroela&tic w6ighing factor derive~
in reference 4 but corrected for aspect ratio, taper ratio, and wing
sweep in reference 5 “(seet,able11), ~“ is”sliandardsea-level +ie-=-:
pressure, s.nd (@/m)r is the wing torsionai-f!&xibility-~arameterat
the mid-aileron”reference station (fig. 3). The fraction of rigid-wing ~
rolling effectiveness lost by wing twist was &e~ined for a particular
wing-aileron configuration by flying several te>t vehicle= differing in —
degrees of wing torsional flexibility. From results of the flight tests

=

.

‘.
:
..

1 “=

.-

. ---

. ..-

-+—

—
-B!

.— —. —

:..-,..:—- -’-—-

—,=- -.

.-
. .-i

k–.-
-u

IF .-—

—

- ,:. -..-=...-.=4—
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4 of these models it was possible to solve equations (i) and (2) over the
Cm/b

Mach number ra@je for — These
cmP— values were then used to

a/5” a/8
correct (Pb/~)Fa data for similar ailerons with different deflections

to rigid-wing rolling effectiveness. A more detailed description of this ... ....
method of deriving rigid-wing rolling effectiveness from flexible-wing
data can be found in reference 6.

Aileron Deflection

In the evaluation of the aeroelastic effects of wing twist, slight
differences in rolling effectiveness due to smsll differences in control

.-

deflection of the order of 0.5° between several models of a given aileron _
configuration (see table I) were taken into account by correcting the
(Pb/2V)F- data to correspond to the deflection of the most flexible wing

a
cpnfiguration. This
variation of rolling

●

d

Measured values

to zero incidence by

correction was accomplished by assuming a linear
effectiveness with aileron deflection.

Wing Incidence

of (Pb/2V)Fa were corrected to values corresponding

the following equation from reference 7:
_—.
.>

%1+2X
A(pb/2V) =——

57.31 + 3A
(3)

where A(pb/2V) is the increment of pb/2V due to wing incidence iv.
Table I lists values of iv measured before fllght.

Inertia

Calculations (see reference 1) indicate that the effects
vehicle inertia effects about the roll axis were small, being
order of 3 percent near Mach number 1.

.

of test- “
of the
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RESULTS AND DISCUSSION E‘–

The results of this investigation are presented in figures 5 to 16.
All rolling-effectivenessdata except the basic data pl@ted in fi@&s 5

-.

and 6 have been corrected to rigid-wing values by the m~thod of refer-
..=

ences 4 and 6. . ..— -. -<—

The bas:f.c-dataplots of the flexible-wing rolling-effectiveness
parameter (Pb/2V)Fa and of the static-pressure ratio _Pa/Po are pre- “- __ ~

sented as functions of Mach number in figure 5 for the 37° sweptback wing
configurations and in figure 6 for.the 45° sw6ptback wing configurations.
These values of (pb/2V)Fa were corrected to “correspondto iw = 0° but

-.

were uncorrected for differences in sltitude.~ .= -r- -~

Experimentally derived values of the effective twisting-moment param-

eter ~ were evaluated from the flexible-~ data and are shorn_in

figure 7 plotted as a function of Mach number .for0.30-thofd outhard
ailerons having sp~s of 0.43b/2 for the 35°_&eptb~ck -wing>~d sl?~s ““
of 0.86b/2 and 0.43b/2 for the 45° sweptback ~ng configurations. Experl-

%1~
mental vsJ_ue30f — were also obtained for the 0.30-chord tiboard ‘“

a/b
aileron configuration with 0.43b/2 span on the”45° sweptback wing. The
extent of e~rimentsl data on model 4 (fig. 5) limited a straightforward

cJ6
determination of the parsmeter — for the 0.4~- span outboard aileron

a/b .-
on the 35° sweptback wing to Mach nunibgrsles~ than .1.1. Approximate —

. =

-._-

——.-
. . >.

-LcIn5 _.
values of were obtained at higher Mach numbers by utilizing

U/b

(pb/2’V)F data from models 5, 6, s.nd”7 “andas@mhg a l~ear variation ~ ‘“ <
of rolling effectiveness with control deflection to de@rmine (Pb/2V)F

data at a deflection of 10.2°. Small diffen?nces in altitude of these
,-.

models were taken into account. For 0.15-chord ailerons the variation ● ‘.

1cm
~

of wizh Mach numbe’rwas estimated at subsonic s~eds, usiw”valu~s ““- “~
a/8 ..... --=-:

of Cm/b

.—
~. -< —...

for 0.30-chord ailerons in conjunction with experimental results
-=—

a/b
.- —

reported .inreference 8 on the variation of p~tching-moment coefficient
*“

.. v

—.- —. .-

.-. . ..-—.—
I
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Lcm
?3

aileron-chord ratio. At supersonic speeds was assumed to
a/8

linearly with aileron-chord ratio on

Effect of Aileron Deflection on

The rolling effectiveness (corrected

the basis’of linearized theory.

Rolling Effectiveness

to rigid-wing values) of
0.30-chord outb~ard ailerons with spans of 0.86b/2 and 0.43b/2 is pre-
sented in figure 8 for 35° sweptback wings and in figure 9 for 45° swept-
back wings. The (pb/2V)R data shown for the full-span aileron on the

Cm/b35° sweptback ting were obtained by using values of — for the full-
s/6

span aileron on the 45° sweptback wing; the possible error in (pb/2V)R.
caused by this substitution is believed to be smsll and to lie within
the experimental error.

Results show that for 35° sweptback wings, aileron rolling effec-
tiveness is essentially linear with control deflection over the rsmge of,-
deflections and Mach numbers tested. Increasing the wing sweepback tc-
45° did not affect the linearity of rolling effectiveness with control

d deflection at high subsonic speeds but induced a tendency tokiarda reduced
rate of change of rolling effectiveness with increasing deflection at “
supersonic speeds.

Effect of Aileron Span and Spenwise Location

Since rolling effectiveness is essentially linear with control deflec-
tion for deflections up to ~“, the rolling effectiveness of the various

(?b/2V)
aileron configurations is reduced to the form R, where the values

R

of (pb/2V)R ere selected to correspond to a con~ol deflection of approxi-

mately 50. F&ure 10 shows for 0.30-chord ailerons on a 35° sweptback

wing that 0.4$-span outboard ailerons have approximately hslf the

rolling effectiveness of 0.8@- span ailerons throughout the Mach number
2

range. The Mach number at which the abrupt change in slope of the varia-
tion of rolling effectiveness with Mach number occurs is slightly lower
for the full-span aileron (M = 0.92) thm for the partial-spsm aileron
(M = 0.96).

Figure IL presents the variation of rolling effectiveness with Mach

number for 45° sweptback wings having outboard ailerons with chord ratios

.-
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of 0.15 and 0.30. Twisting-momentparameters were not evaluated exper~. ‘-----~’_
‘:3

mentally for the O.215~ -span or the O’.6kq~ - ;spn outb~ard.ai,lerons.Ther$-.j _~
..

—...— -.-: -

fore, to correct the 0.212- span aileron conJ?igurationL for losses in ~“_.,” .,~:=
.,J-

-!5cm
rolling effectiveness due to wing flexibility, values of for the

a/b
—-- ——

geometrically closest aileron .confi&ation
( )
0.4$- span outlxmrd were --

arbitrarily used; rough calculations from tu~el data i.gdicatethat this
assumption will result in values”of (pb/2V)R which are slightly low but -

within the expertiental error. For the 0.64~-sPan aileron configurat_lon.l__ “:...4

L?@ ..,,

a curve of — as a function of Mach numbe”rwas averaged from 0.4~- span -
a/b +

.<

and O.%- sp.@noutboard-aileron data.(45° s~ptback wing); this ‘average- --
is believed to represent a close approximation of the twisting-moment

‘?-
,. -,-.—.=

parameter far the 0.64~- span aileron configuration. The possible errors .W:

in (pb/2V)F~ resulting from these assum~tions are est&ated to be -’l .=
.—

for the r~e o-fwing flexibilities considered in fi~r& 11; for exS.mplej ‘ -h
=

Cm/b
an arbitr~ 10-percent_incrernentin the.value of — for the 0.4$- spau .=

-a/8 —

aileron (fig. 7) will result in sn increment in the final value of (pb/2V)R

of approximately 3 percent near Mach number 1.0 and 5 ~ercent nesr Mach
number 1.6.

--

Exsmhmtion of figure 11 indicates that._thevariation of rigid-wing
rolling effectiveness with Mach number is affected considerably by aileron
span and aileron chord ratio. In figure 123~e variati~n.of rolling effec-
tiveness with outbosrd aileron,span is indicated for different Mach numbers,
The slopes of these curves, which indicate the rate of change of rolling
effectiveness per unit aileron spsn, show that the maximum unit-aileron
rolling effectiveness for the 45° sweptback @.ng occurs at approximately
the mid-exposed-semispan station for the 30-@rcent -chordailerons and
between the mid-exposed-semispan station and the tip for 15-percent chord
ailerons. Similar cross plots using rolling-effectivenessdata ~c~rrqsted”
for losses due to wing flexibility showed no apparent ch~ge in the above-
mentioned optimum unit-aileron locations.

..—
—

. ._

—
-

-----.
..—

Three configurations were tested to determine the_utility of fig- ‘-” -_:
ure 12 in predicting the rolling effectiveness of other_than outlmard ‘ “__

aileron configurations; two configurationshad 0.21$--span centrally “
—-

2-
located ailerons with.chord ratios of 0.15 an~ 0.30 respectively, and the

.=__

-. .=

.. —., -. -— .-
-T -—— ,-” .._ .
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third had 0.4~- span inboard ailerofi with a chord ratio.of 0.30.

Measured resul~s in figure 13 compared favorably tith rolliw-effectiveness .-v-
alues estimated from figure 12 except for the inboard:aileron configura-
tion which yielded higher measured results at transonic speeds.

Figure 14 shows the fraction of the rigid-wing rolling effectiveness -
at Mach number 0.80 retained over the Mach number range for”different

ailerons on 45° sweptback wings. Results indicate that the least per-
centage decrease in rolling effectiveness over the Mach number range of

0.80 to 1.60 was e~erienced by the 15-percent-chord, 0.4~- span out-

board aileron configuration. The figure also indicates for 30-percent-
chord ailerons that the percentage of the rolling effectiveness at
M= 0.80 retained over the trsnsonic rsnge generally increases as the
mid-aileron reference station approaches the wing root; this effect is
,lesswell defined for 15-percent-chord ailerons.

Effect of Aileron-Chord Ratio

*
h figure 15 the variation of rolling effec-tivenesswith Wch number

of 15-percent- and 30-percent-chord ailerons on a 45° sweptback wing are
.A compared for various aileron spans. Results show that 15-percent-chord - -

full-s-panailerons are approximately two-thirds as effective in rolling -
power as 30-perceht-chord ailerons over the Mach number range tested.
The advantage in rolling effectiveness gained by using the larger aileron- ‘

chord ratio becsme insignificant for 0.4~- span outboard ailerons at

supersonic speeds and for 0.21~- span outboard ailerons throughout the

Mach number rmge. This indicates that for a giv& outboard aileron there
exists an optimum aileron-chord ratio which decreases with decreasing
aileron span.

Effect of Sweepback

Figure 16 compares the variation of rolling effectiveness with Mach

number for 0.4$-span and O.@- sp~ outboard ailerons on 35° and

45° sweptback wings. Generally, the 35° sweptback configurations had
more rolling effectiveness at high subsonic speeds and at Mach numbers
greater than 1.20, but more abrupt changes in the variation of (Pb/2V)R

.
with Mach number
configurations.

●

through the transonic range, thsa the 45° sweptback
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Comparison of Resuits
;:

Figure 17 presents as a function of Mach .:number.a .Comptiison of
present test (pb/2V)R data with rolling-effactivenessvalues derived _

from the sources indicated on the figure by iiSansof the relationship

5
.— (4)

.L

which.for this analysis assumes that the effects of rolling on cz~

are negligible. The damping-in-roll derivatives from reference 9 ~re .
obtained in the Lan@ey high-speed 7- by”10-ftiottunnel by the trsmonic-

—

bump method, utilizing the twisted-wing techn~que. Rocket-model dsmp@-
in-roll derivatives (reference 10) were evaluated from wing-body con- .-
figurations similar to the present test vehiaes but without ailerons.
The reference data were not corrected for any twisting or deflection of
the wing caused by air loads, but these effects were believed to be sm@l.
The symbols on figure 17(b) denote values of ‘“:(pb/2V)Fobtained in’*he_.

Langley 300 MPH 7- by 10-foot tunnel on two m“cket vehicles having

30-percent-chord, O.@- span and 0.43~- , _span outboard ailerons with ,- -

control deflections of 9.6° and 9.5°, respectively. Because of the low
Mach number at which the tunnel tests were cotiducted,these pb/2V points
may be assumed to represent essentially rigicl;wingvgd.ues. No high-speed
data were obtained from these models in subse~ent flight tests.

Compari~on of results in figure 17 shows for the 35° sweptback wing
configurations that estimated rigid-wing roll.~-effectiveness v&J_uesfrom .
the present investigation were in fair agreement quantitively with pb/2V
derived from referenced data by use of equatic@ (4); for the 45° sweptback
wing configurations present test results Werq;generally”higher throughout _.
the Mach number range. In the variation of ~b/2V with Mach number,

-....=.=

the results of the present investigation show.slightly different trends
near and above Mach number 1,0 than those of the”referenced Langley

—

7- by 10-foot tunnel data; the difference in..thesetrends becomes more g

apparent as the spaQ of the outboard ailerons :isincreased and is especially

pronounced for the inboard 0.4$-span ailerons on the .4.5°sweptback wing.
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CONCLUSIONS

A free-flight investigation employing the rocket-model technique was -
made at Mach numbers from 0.8 to 1.6 to determine some effects of aileron
span, chord, and deflection on the estimated rigid-wing rolling effectiveness
of various flap-type ailerons attached to wings having quarter-chord lines
swept back .35°and 45°, aspect ratios of 4.o, taper “ratiosof ?.6, and “..-..~~
NACA 65AO06 airfoil sections. .Fromthese results the following conclusions
can be drawn:

1. The maximum Unit-ailerotiroll.imgeffectiveness for the 45° swept-
back wing oc,curredat approximately the mld-exposed-semispan StS.tiOII for ,.
the 30-percent-chord ailerons and between the mid-exposed-semispan station .
and the tip for 15-percent-chord ailerons. .,.

2. The percentage of the rolling effectiveness at Mach number 0.8
retained by the 30-percent-chord ailerons on 45° sweptback wings over the
transonic speed range generally increased as the mid+ileron reference
station approached the wing root. This effect was less well defined for ____
the 1~-percent-chord ailerons.

3. For 45° sweptback wings the 15-percent-chord full-span ailerons
were approximately two-thirds as effective in rolling power as the

. 30-percent-chord ailerons over the Mach number range tested. The advant~e”
in rolling effectiveness gained by usimg the larger aileron-chord ratio ..

became insignificant for 0.4$-span outboard ailerons at supersonic speeds

and for 0.21~- span outboard ailerons throughout the Mach number range.
2

These results indicate that for a given outboard aileron there exists an
optimum aileron-chord ratio which decreases with decreasing aileron span.

4. The variation of estimated rigid-wing rolling effectiveness with

control deflection for 35° sweptback wings was essentially linear with

control deflection for the full-span and-the 0.43~- span outbod ailerons

over the range of control deflections tested. Increasing the-wing sweep-
back from 35° to 45° resulted in a slightly decreasing rate of change of .’”
rolling effectiveness with increasing deflections at supersonic speeds.

Increasing the wing sweepback from 35° to 45° also resulted in higher
rolling effectiveness at transonic speeds and removed the abrupt changes
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in the variation of pb/2V with Mach number-observed‘%ear Mach nmnber 1.0 “:”D
for “the35° sweptback wing configurations. -”
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Model

1
2
3

4
5
6

;

9
10
11

12

13
14
15
16
17
18

19

20
21

22

:2

25
26
27

TABLE 1.- GEOMETRIC CHARACTERISTICS OF TEST WINGS c=

Aileron
span

0.86b/2
.86b/2
.86b/2

.h3b/2

.43b/2

.43b/2

.43b/2

.43b/2

.86b/2

.86b/2

.86b/2

.645b/2

.43b/2

.43b/2

.43b/2

.43b/2

.43b/2

.43b/2

.215b/2

.l#3b/2

.43b/2

.215b/2

.86b/2’-

.645b/2

.43b/2

.215b/2

.2i5b/2

2yo/b

1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00

1.00

1.00
1.00
1.00
1.00
1.00
1.00

1.00

● 57
● 57

● 57

1.00
1.00
1.00
1.07)

● 57

lBased upon streamwise chord.

ca/c
(1)

0.30
.30
.30

.30

.30

.30
● 30
.30

,30
.30
,30

.30

.30.
,3Q
.30
.30
.30
.30

.30

.30

.30

.30

,15
● 15
,15
.15
.15

8a
(deg)

10..02
5.“05
1.76

10.’20
4.70
4.54
2 .“05
9.96

4.94
2.06
5.07

4.79

18.76
10.14
5..o~
4.97
1.89
9.92

4.86

4.g6
4.98

5.-00

5.54
5.26
5.28
5.09
4.68

(di;)

-0.01
-.01
-.07

.05

.06

.08
-.03
-.02

-.03
-.05
-.01

.09

.01
-.04
.01
.01
.04

0

● 07

-.04
-.08

-.04

-.10
.01

-.06
-.07
.08

Wing
construction

(2)

2
1
1

1
1

1
1

3

2
1
3

2

1
2
1
2
1
3

2

2
3

2

2
2
2
2
2

—

I

2. Spruce with 0.040-inch-thick steel inlay and 0“,125-inch-thick
aluminum alloy chord-plane stiffen@ -

3. sp~uce tith 0.125-inch-thick aluminum-alloy ciord-plane stiffener”.._._-y~

40N@Z@H%#!5 --

I 1
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TABLE II:- LIST OF DERIVED VALUES OF THE CONSTMT T1

At/4 Aileron Yf Y~

(deg) ~
T

spell q

35 0.k3b/2 0.570 1.00 o.26a

35 . %b/2 .140 , 1.00 ●5XI

45 .215b/2 .785 1.00 .220

45 .43b/2 .570 1.00 .260

45 .645b/2
● 355 1.00 .340

45 .86b/2 .140 1.00 .510

45 .43b/2 ‘.140
● 57 1.170

45 .215b/2 .355 ● 57 .670

lFrom reference 5.
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(b) @ .m@=ck wing.

.
Figure 1.- Concluded.
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Figure 2.- General armngem?nt of ixmt vehicles.
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(b) Wing-aileron configurations

Figure 2.- Concluded.
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(b) At/4 = h5° .

Figure 3.- Concluded.
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(a) 0.8$-span outboard ailerons; ~ = 0.30.

. Figure 5.- Variation of Pa/PO and rolling-effectiveness psrsm-
eter (pb/2V)Fa with Mach number for ailerons on 35° sweptback wings;

. (Pb/2V)Fa corrected to iw = O but uncorrected for sltitude.
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(a) 0.8~- span outboard aileron; > = 0.30.

Figure 6,- Vsriation of Pa/PO and rolling-effectiveness parsmeter (Pb/2V)F=
with Mach number for ailerons on 45° sweptback.

to iv = O but uncorrected for altitude.
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(c) 0.432- span outboard aileron;

Figure 6.- Continued.
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(e) 0.43~ - Caspan inboard aileron; ~ = 0.30.

Figure 6.- Continued.
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Figure 8.- Variation of rigid-wing rolling.effectiveness’with aileron

~ = 0.30.deflection for outboard ailerons on 35° sweptback wings; ~
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Figure 17.- Continued.
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